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A joint document sponsored by two international pulmonary medicine organizations, both the American Thoracic Society (ATS) and the European Respiratory Society (ERS), 1,2 as well as the Global Initiative for Chronic Obstructive Lung Disease 3, 4 guidelines indicate that spirometry is necessary for the diagnosis of COPD. The ATS/ERS standards 1 advocate performing spirometry in all persons with a history of exposure to cigarette smoke and/or environmental pollutants, a family history of COPD, or the presence of a chronic cough, sputum production, or shortness of breath. Additionally, the National Committee for Quality Assurance has recently adopted spirometry as a performance measure for the Health Plan Employer Data and Information Set in patients with a new diagnosis of COPD. 5 The classification of disease severity relies heavily on spirometry measures and is an important measure as it has been associated with other outcomes in patients with COPD. Outcomes associated with severity based on lung function include health status, health-care utilization, and exacerbations, with worsening severity related to worsened health status and increased health-care utilization and exacerbations. 6 -10 Severity is also an important component when predicting mortality in patients with COPD. 11 However, the role of spirometry in the routine care of individuals is not clear, and a comparison of other markers of disease severity, like symptoms or exacerbations, that could serve as useful predictors for subsequent events has not been made with spirometry. Questions remain as to the validity of spirometry findings obtained in the general practice setting and the value of spirometry in the management of patients with known COPD. [12] [13] [14] [15] [16] [17] In order to understand the value of spirometry or what changes may be necessary in the current use of spirometry, one must first understand current spirometry practice patterns. The US Veterans Health Administration (VHA) provides a good place to examine spirometry use in patients with COPD. Because the current demographics of the VHA include a significant number of older men with a history of smoking, COPD is a prevalent condition within the VHA health-care system. The VHA provides annual care to between 250,000 and 300,000 patients with a diagnosis of COPD. The objective of this analysis was to characterize spirometry use in the VHA for patients with newly diagnosed COPD and to examine spirometry use around the following two clinical scenarios: acute COPD exacerbations; and surgical procedures.
Materials and Methods
This project was approved by the institutional review board of the Hines Veterans Affairs Hospital. Using a retrospective cohort design, VHA administrative data were used to identify patients with a diagnosis of COPD. Patients with at least two visits with diagnoses of COPD (International Classification of Diseases, ninth revision [ICD-9] codes 491.x, 492.x, and 496) between October 1, 1998, and September 30, 1999, were eligible to be included in the analysis. To be included, patients must have been Ն 40 years of age at their initial visit have received a COPD diagnosis. Patients were required to have made at least one non-COPD health-care visit between October 1, 1997, and September 30, 1998. To create a cohort of patients with newly diagnosed COPD (or possibly very mild illness), persons with any COPD-related visits between October 1, 1997, and September 30, 1998, were excluded from the analysis. Thus, patients who had made visits for COPD between October 1, 1998, and September 30, 1999, and had received care in the VHA healthcare system in the prior 12-month period but did not have any COPD-related visits were identified for inclusion. For this analysis, patients who died prior to the end of the study period (ie, September 30, 1999) were excluded from the study. It is important to note that the timeframe used for this study predates the most recent version of the COPD treatment guidelines; however, both the ATS and ERS had guidelines available prior to the beginning of this analysis. 1, 2 Spirometry examinations performed during the 12-month period between October 1, 1998, and September 30, 1999, were identified. Spirometry was identified through Current Procedural Terminology codes (94010, 94014, 94015, 94016, 94060, 94070, and 94620), ICD-9 procedure codes (89.37 and 89.38), and clinic stop codes. Clinic stops in the VHA system identify the specific location of an encounter during a visit. There is a clinic stop code that is specific to pulmonary function testing in the VHA system (clinic stop 104). For each patient included in the analysis, we searched patient records for any of these codes during the 12-month period from October 1, 1998, to September 30, 1999. Patients were categorized as having received spirometry if any of the codes were present in their records during the analysis period.
Exacerbations
Acute exacerbations of COPD that occurred between January 1, 1999, and June 30, 1999, were identified. This 6-month time window was selected in order to have at least 3 months before and 3 months after the event to identify spirometry during the study period. Acute exacerbations were defined using a combination of inpatient, outpatient, and pharmacy data. A visit was identified as a part of an acute exacerbation of COPD if it had an ICD-9 code for COPD and was a hospitalization, an emergency department (ED) visit, or an outpatient visit with a prescription for an oral steroid or antibiotic dispensed within 5 days of the visit. Outpatient visits with a diagnosis for infections other than respiratory infections (eg, cellulitis) were not included as an exacerbation. Exacerbations were assumed to last 30 days, and after 30 days a new acute exacerbation could be identified. 18, 19 Because identifying exacerbations utilizes the identification of medications dispensed, only patients who had actively filled at least one prescription were included in the exacerbation analysis.
Surgeries
All of the inpatient surgical procedures performed between October 1, 1998, and September 30, 1999, in which a general anesthetic was used were extracted for this analysis. For patients who had undergone surgical procedures on multiple days, only their first procedure was used in the analysis. Procedures were stratified into surgeries involving the cardiovascular or respiratory systems and those that did not.
Statistical Analysis
To characterize care, patients included in the analysis were stratified by the use of spirometry in the year of diagnosis. Health-care utilization over the study period was summarized as hospitalizations, ED visits, outpatient visits, and pulmonary medication use. Patient characteristics (eg, age and comorbidities), health system characteristics (eg, geographic location of the facility), and type of physician (eg, primary care and pulmonary) were used to examine the variation in spirometry use.
Comparisons between the groups with and without spirometry were made with 2 tests for categoric variables and t tests for continuous variables. The association between having spirometry performed and patient characteristics was evaluated in unadjusted models. Logistic regression was used to estimate the odds of receiving spirometry for region of the country, age, health-care utilization, comorbidities, and use of respiratory medications. Adjusted models included all of the patient characteristics.
The proportion of acute exacerbations for which spirometry was performed within 3 months following the onset of the exacerbation was determined. The cumulative proportion of patients having undergone spirometry following an exacerbation was calculated at fixed time points of 14, 30, 60, and 90 days. For surgical procedures, the proportion of patients who had undergone spirometry within 14 days and within 30 days prior to the procedure was determined.
Sensitivity Analysis
Since veterans are not limited to the VHA health-care system for their care, it is important to consider the non-VHA use of spirometry. To understand the potential impact of this use, a sensitivity analysis was conducted examining spirometry in a random sample of 6,000 patients who were Ն 65 years of age using Medicare data. From this analysis, the proportion of patients that would be misclassified as not having received spirometry was estimated.
Results
A total of 197,878 patients with newly diagnosed COPD were included in the analysis. Of these patients, 98% were male, and 66,744 (33.7%) had undergone at least one spirometry session during the 12-month period (Table 1) . Those patients in the spirometry group were slightly younger (mean age, 66.6 years) than those who had not undergone spirometry (mean age, 68.0 years; p Ͻ 0.001).
In the adjusted analysis, as expected, a pulmonary clinic visit was the factor that had the highest association with having undergone spirometry ( Table  2) . Patients who had a pulmonary clinic visit were 3.29 times more likely (95% confidence interval [CI], 3.21 to 3.37) to have undergone spirometry compared to those with no pulmonary clinic visit. Younger age was also significantly associated with the likelihood of having spirometry performed. Compared to patients who were Ͻ 50 years old, the likelihood of undergoing spirometry was 18% lower in those patients who were 60 to 69 years of age, 32% lower in those who were 70 to 79 years old, and 48% lower in those who were Ն 80 years old. Generally, respiratory medication use was associated with the increasing probability of having spirometry performed. Theophyilline was the exception to this, as a dispensing of theophylline was associated with a 10% decrease in the odds of undergoing spirometry (adjusted odds ratio [OR], 0.90; 95% CI, 0.88 to 0.93). Mental health and substance abuse diagnoses were also associated with a lower likelihood of having spirometry performed.
Exacerbations
A total of 44,980 acute exacerbations of COPD were identified in this cohort. Of those, there was a lung function test identified for 15,568 of the exacerbations (34.6%) at some point during the 12-month period. Postexacerbation spirometry was performed 21.4% of the time (Table 3) . Of the spirometry sessions occurring after the exacerbation, 32.6% occurred within 14 days of the beginning of the exacerbation and 60.4% occurred within 60 days.
Presurgical Use of Spirometry
There were 9,802 patients with surgical procedures included in the analysis, of which 3,793 procedures (38.7%) were cardiac or respiratory. For 78.6% of patients, spirometry was performed between 0 and 14 days before the surgery, and for 85.5% of which were performed between 0 to 30 days prior to patients undergoing surgery ( Table 4) . The rates of the presurgical use of spirometry were similar for the two surgery categories used in the analysis.
Non-VHA (Medicare) Use of Spirometry Services
A small proportion of patients Ն 65 years of age underwent spirometry outside the VHA health-care system. Of the random sample of 6,000 patients, 344 (5.7%) had spirometry identified in the Medicare data. Of these 344 patients, there were 260 who did not have any spirometry performed in the VHA system during the analysis period. An estimated total of 4.3% of patients Ն 65 years of age were misclassified as not having spirometry based on VHA data alone. The proportion did not vary by age.
Discussion
The objective of this study was to examine spirometry use in routine clinical practice in patients with a new diagnosis of COPD. Overall, the presence of spirometry in patients with a new diagnosis of COPD was low, with only 33.7% of patients having spirometry performed during the analysis period. The patients who were more likely to undergo spirometry were those who had been to a pulmonary clinic and those in younger age groups. The use of spirometry to assess lung function after an acute exacerbation was low, with only 15.5% of acute exacerbations undergoing spirometry within 90 days of the onset of the exacerbation. Spirometry was used most frequently around surgical procedures that required general anesthesia, with 85.5% of patients undergoing spirometry Յ 30 days before their procedure.
There are advocates for the use of spirometry by providers in general medicine clinics for the diagnosis of COPD. 20 -22 However, some research [23] [24] [25] [26] suggests that the quality of spirometry in this setting may be suboptimal. Within the VHA health-care system, spirometry is almost always performed in pulmonary function laboratories and not in general medicine clinics, a situation that may differ from that in many health-care systems. Regardless, for patients with a new diagnosis of COPD in the VHA system during a 1-year period, a minority had spirometry performed that same year. Low rates of spirometry were also reported by Anthonisen et al 27 in patients in whom COPD had been diagnosed relative to those with asthma in a Canadian population. This raises questions about how COPD is being diagnosed in patients who are treated in general medicine clinics and whether patients who are identified with only a diagnostic code actually have the disease. COPD is frequently identified as an underdiagnosed and undertreated disease, 1, 28 but it would be difficult to be certain whether patients have the disease without measuring their lung function. Not surprisingly, those patients who were seen in pulmonary clinics had a higher likelihood of having spirometry performed, but these patients are also probably more likely to have more severe COPD if they require referral and treatment in pulmonary clinics.
There were several factors related to the lower rates of spirometry. Increasing age had the most pronounced impact on decreasing the likelihood of undergoing spirometry. However, there do not appear to be any studies in the literature suggesting that age alone should exclude patients with a new diagnosis of COPD from undergoing spirometry. For example, Pezzoli et al 29 have shown that age is not a risk factor for 'bad' spirometry independent of other factors. Alternatively, the finding that nondepressive mental health diagnoses were associated with a lower likelihood of spirometry use may be explained by physicians anticipating difficulties with certain patients during a procedure that requires a high degree of patient cooperation. Also, the use of theophylline was associated with decreased rates of spirometry, and may be an indicator of the lack of awareness of contemporary treatment guidelines and diagnostic criteria in caring for patients with COPD. The Global Initiative for Chronic Obstructive Lung Disease guidelines 3, 4 recommend that spirometry be performed in a follow-up assessment 4 to 6 weeks after an exacerbation. These recommendations seem to be based on clinical experience as there is no evidence concerning the role of spirometry following an acute exacerbation. In this study, follow-up spirometry was performed in only 13% of patients who had experienced exacerbations by 8 weeks following the onset of the event. This raises questions about the perception by physicians of the utility of spirometry following exacerbations, as spirometry is not being used in routine clinical practice in the VHA health-care system. Whether the lack of use is a result of physician knowledge, attitudes, or beliefs is an important question. The setting in which spirometry was consistently used in this analysis was around surgical procedures. Prior to surgical procedures, physicians are interested in knowing about patient lung function, presumably in order to decide whether the COPD patient is capable of tolerating general anesthesia and the surgical procedure, and whether extra precautions with the patient may be necessary. In this study, there was equal use of spirometry prior to surgery regardless of the type of surgery, suggesting that patients with COPD are routinely screened prior to surgery regardless of the type of procedure.
There are limitations to this study. First, the patients in this analysis may not have had truly incident cases of COPD as a period of only a single year was used in which they were defined as being disease free. The use of a longer lead-in period would have likely reduced the size of the cohort and may have increased the rates of spirometry in the newly diagnosed patients. However, because the rates in this cohort were around 30%, it is unlikely that the majority of patients underwent spirometry. The addition of non-VHA utilization indicated that about 4% of the patients may have been misclassified as not having undergone spirometry. This low rate of misclassification would likely not have a notable impact on the overall low rate of spirometry in these newly diagnosed patients. Finally, the use of the clinic stop code to identify spirometry may have resulted in the misclassification of patients undergoing spirometry when they only performed a 6-min walk test or had arterial blood gas measurements made. If this were the case, the number of patients with spirometry performed would be even lower.
This study suggests that much of the current COPD diagnosis and management is based solely on symptoms, rather than a combination of symptoms and objective lung function assessment. Spirometry also does not appear to be used routinely to assess the impact of acute exacerbations on lung function. However, spirometry was used routinely in patients undergoing surgical procedures. Thus, the role of spirometry in routine clinical practice remains unclear, and providers may benefit from better guidance on the use of spirometry in patients with COPD.
